The evaporation residue yields from compound nuclei 220 Th formed in the 16 O+ 204 Pb, 40 Ar+ 180 Hf, 82 Se+ 138 Ba, 124 Sn+ 96 Zr reactions are analyzed to study the entrance channel effects by comparison of the capture, fusion and evaporation residue cross sections calculated by the combined dinuclear system (DNS) and advanced statistical models. The difference between evaporation residue (ER) cross sections can be related to the stages of compound nucleus formation or/and at its surviving against fission. The sensitivity of the both stages in the evolution of DNS up to the evaporation residue formation to the angular momentum of DNS is studied.
tion due to the decreasing of quasifission barrier B qf as a function of the angular momentum. The largest value of the ER residue yields in the very mass asymmetric 16 O+ 204 Pb reaction is related to the large fusion probability and to the relatively low threshold of the excitation energy of the compound nucleus. Due to the large threshold of the excitation energy (35 MeV) of the 40 Ar+ 180 Hf reaction, it produces less the ER yields than the almost mass symmetric 82 Se+ 138 Ba reaction having the lowest threshold value (12 MeV).
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I. INTRODUCTION
The continuance and complexity of processes preceding the formation of the reaction products in heavy ion collisions at low energies are of interest in the theoretical and experimental studies. Due to very transiency of these processes it is impossible to observe how they occur. The comprehension about the role of the shape and structure of the colliding nuclei in formation of the observed products can be established by the comparison of the experimental data obtained for the reactions with the different projectile-and target-nucleus leading to the formation of the same compound nucleus (CN) [1] [2] [3] [4] [5] [6] . In all of these works, the results of the comparisons led to the same conclusions: the evaporation residue (ER) cross sections of the same heated and rotating CN are different even at the same value of the excitation energy E quasifission events in the evolution of the DNS formed at capture of the projectile by the target. Theoretical studies of the appearance of the quasifission products showed that their yield and mass distribution are determined by the mass (charge) asymmetry of the entrance channel and peculiarities of the potential energy surface. In Ref. [6] , the observed fact that the ER cross section of the 124 Sn+ 92 Zr reaction is larger than the one of the more mass asymmetric 86 Kr+ 130 Xe reaction was explained with the higher value of the potential energy surface corresponding to the former reaction than the one of the latter reaction.
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II. OUTLINE OF THE APPROACH
The study of the main processes taking place in heavy ion collisions at the near Coulomb barrier energies is based on the calculations of the incoming path of projectile-like nucleus on the target-nucleus and finding capture probability taking into account the possibility of interaction with different orientation angles of the axial symmetry axis of deformed nuclei [7] [8] [9] . Also the surface vibration of the non-deformed nuclei is taken into consideration. Capture of the projectile by the target-nucleus is characterized by the full momentum transfer of the relative momentum into the intrinsic degrees of freedom and shape deformation. The capture occurs, if the following necessary and sufficient conditions are satisfied. The necessary condition of capture is overcoming the Coulomb barrier by projectile nucleus to be trapped in the potential well of the potential energy surface. But, overcoming the Coulomb barrier by the projectile is not enough to be trapped. The condition of sufficiency for capture is the decrease of the relative kinetic energy due to dissipation by friction forces up to values lower than the depth of the potential well [6, 7, 10] . It depends on the values of the beam energy and orbital angular momentum, the size of the potential well and intensity of the friction forces that cause dissipation of the kinetic energy of the relative motions to internal energy of two nuclei. So, the trapping of the collision path into the well is a capture process. In Fig. 1 , on the potential energy surface (PES), this process is showed by the dashed arrow (a). The PES is calculated for the corresponding values of angular momentum (ℓ) and orientation angles α 1 and α 2 of the colliding nuclei by the following expression:
where Z = Z 1 is charge number of the DNS fragment; Z 2 = Z tot −Z 1 , Z tot is the total charge number of interacting nuclei; R is the distance between centres of interacting nuclei; B 1 , B 2
and B CN are the binding energies of the projectile, the target and the CN, respectively.
The peculiarities of the DNS evolution is determined by the landscape of the PES which changes strongly with the increasing the total charge and mass numbers of the CN. The solid arrow (b) in Fig. 1 shows the evolution of the system to complete fusion while the dot-dashed (c) and dot-dot-dashed (d) arrows show the decay of DNS forming projectile-like (target-like) products and the decay from more mass symmetric configurations, respectively.
The stability of DNS against decay into two fragments is determined by the depth of the potential well which is formed due to attractive nucleus-nucleus interaction. Therefore, the depth of the potential well is called quasifission barrier. Only part of the paths of the DNS evolution along the solid arrow (b) and surviving against decay along the relative distance lead to complete fusion, i.e. to the CN formation. The fusion probability P CN is used to take into account the competition between the complete fusion and decay of DNS into two fragments (quasifission) to calculate complete fusion cross section [6, 7] :
The maximum values of ℓ leading to capture ℓ d (E) is calculated by the solution of the radial motion equations (see Ref. [7] ). We should stress its dependence on the collision energy of nuclei. The decay of DNS without reaching the CN shape is called quasifission. Its cross section is calculated by the expression
The details of calculation of the capture, fusion and ER cross sections can be found in Refs. [6, 7] .
A. Deformed nuclei
The expectation values of the capture and fusion cross sections are obtained by averaging contributions of different orientation angle, α, which is the angle of the nucleus relatively to the beam direction at the initial stage of reaction:
Deformation parameters of the ground quadrupole and octupole states are obtained from
Ref. [11] of the reacting nuclei in this work while the ones of the first excited first 2 + and 3 − states are obtained from Refs. [12] and [13] , respectively. 
B. Surface vibration
The surface vibrations are regarded as independent harmonic vibrations and the nuclear radius is considered to be distributed as a Gaussian distribution [14] ,
where α is the direction of the spherical nucleus. For simplicity, we use α = 0.
where
, R p and R n are the proton and neutron distribution radii, respectively. R p and R n are calculated by the expressions from Ref. [15] :
R n = 1.176(1. + 0.250 
Due to large values of Q gg =-180. 
forces make the potential well shallower, reducing consequently the maximum number of the partial waves (ℓ d (E)) leading to capture, and the capture cross section decreases (see
The excitation functions of complete fusion calculated for the reactions under study are compared in Fig. 3 . The fusion excitation function of the almost symmetric reaction is even two orders of magnitude lower than the one of the mass asymmetric reaction. In the framework of the model used in this work, this result is explained by the hindrance to complete fusion due to the larger intrinsic fusion barrier B * fus for the transformation of the DNS into the CN and smaller quasifission barrier B qf against its decay into two fragments for the case of more mass symmetric reactions. The height of B * fus depends on the charge and mass asymmetry of the DNS fragments and Q gg -value of the reaction (see Fig. 4 ).
In Fig. 4 we illustrate the determination of B * fus and B * sym for the 40 Ar+ 180 Hf reaction using the driving potential calculated for the case of ℓ=0. These barriers cause the hindrance to the evolution of the DNS to complete fusion and to reach its symmetric configurations, respectively. It is seen that the height of B * fus is large for the 82 Se+ 138 Ba (Z=34) and 124 Sn+ 96 Zr (Z=40) reactions. The increase of the barrier B * fus for these almost symmetric reactions by the increase of ℓ will be discussed in the next Section III B.
This fact certifies that the fusion cross section of the charge symmetric reactions is always smaller than the one of the charge asymmetric reaction. The fusion probability
is sensitive to the intrinsic fusion barrier B * fus and quasifission barrier B qf . We should stress here that the intrinsic fusion barrier B * fus is non zero at ℓ = 0 for the heavy systems which are not very mass asymmetric. This means that the quasifission channel, which competes with complete fusion, can take place starting from ℓ = 0 for such systems [6, 7] . This phenomenon was insinuated by the authors of Ref. [2] cation the complete fusion always occurs for heavy ion collisions at all values of the angular momentum ℓ < ℓ cr . For the light nuclear system ℓ cr is determined by the properties of the nucleus-nucleus interaction, i.e. by the barrier radius which is approximately equal to the sum of the radii of the target and projectile nuclei [16] . the capture probability, consequently, the fusion probability decreases. Another crucial factor decreasing the fusion probability is an increase of the intrinsic fusion barrier by the increase of the DNS angular momentum. But this dependence can be seen from the driving potential calculated for the DNS, which is formed at capture of the projectile by the target.
The change of the intrinsic fusion barrier B * fus as a function of the angular momentum ℓ of DNS is demonstrated in Fig. 9 . Therefore, an increase of the beam energy allows decreases the probability of the CN formation. Alternative channel for the evolution of DNS is its decay into two fragments, i.e. quasifission. The fusion probability P CN presented in Fig. 5 is found as a ratio of the summarized over angular momentum fusion and capture cross sections. It is interesting to know P CN as a function angular momentum. Fig. 10 shows this dependence which is find as a ratio partial fusion and capture cross sections:
The partial P CN (E * CN , ℓ) values increase by the increase of the beam energy (E c.m. = E * CN − Q gg ) but decrease by the increase of the angular momentum ℓ. We should stress that the increase of the fusion cross section is due to increase of a number of the partial waves contributing to capture and factor (2ℓ + 1) in calculation of the total capture cross section.
IV. COMPARISON OF THE EVAPORATION RESIDUE EXCITATION FUNCTIONS
Results of the partial cross sections of the CN formation are used to calculate evaporation residue cross sections at the given values of the CN excitation energy E * CN and angular momentum ℓ by the advanced statistical model [18] 
where σ x ER (E * [7, 18, 19] ):
In Eq. (14), σ 
i.e., the first evaporation starts from the heated and rotating CN and
Due to the dependence of the fission barrier on the angular momentum ℓ [20] , the survival probability W sur (E * CN , ℓ) depends on ℓ. The damping of the shell corrections determining the fission barrier is taken into account as in Ref. [18] .
Comparison of the results of ER cross sections for the four reactions under discussion allows us to reveal the role of the entrance channel properties in the formation of the reaction products. The theoretical methods applied in this work allow us to take into account the properties of the PES, peculiarities of the angular momentum distribution of the DNS and CN formed in these reactions. This circumstance is very important in order to explain the difference between the corresponding ER results. In Fig. 11 ER cross sections with the experimental data of the 16 O+ 204 Pb reaction is presented in Fig. 12.
But the excitation functions of the xn evaporation residues for the 40 Ar+ 180 Hf reaction are about two orders of magnitude lower than the ones of the just discussed 16 O+ 204 Pb reaction. The main reasons causing this difference are smaller value of capture (see Fig. 2 ) and hindrance to complete fusion due to shell effect near 48 Ca.
During the evolution of the DNS formed in the 40 Ar+ 180 Hf reaction the charge and mass distributions of the system are shifted to the 48 Ca region. This behaviour of the center of the charge distribution is seen in Fig. 13 which shows the evolution the DNS charge distribution as a function of time. It is calculated by the method presented in Refs. [7, 10] . As a result, the intrinsic fusion barrier B * fus becomes larger causing the hindrance to complete fusion (see Fig. 9 ) since the driving potential has a minimum corresponding to the DNS fragment 48 Ca.
By increasing the beam energy the ER cross section of the 40 Ar+ 180 Hf reaction increases due to the increase capture and fusion cross sections since the partial wave numbers contributing to the capture of colliding nuclei increase. But the excitation function of the xn evaporation residues reaches maximum value at E * CN =44 MeV (see Fig. 11 ) and then it decreases by the increase of E * CN since in this range the number of the de-excitation channels contributes to the formation of the CN (see Fig. 7 ).
The xn and total ER excitation function for the 82 Se+ 138 Ba reaction is about one and two orders of magnitude, respectively, higher than the one of another 124 Sn+ 96 Zr reaction (see Figs. 11 and 14) . Certainly, this is a result of the difference between the fusion excitation functions of these reactions (see Fig. 3 ). As one can see from this figure that the threshold excitation energy of fusion for the 82 Se+ 138 Ba reaction is lower than the one for the 124 Sn+ 96 Zr reaction. The fusion excitation function of the former reaction grows much faster than one for the last reaction. The slow increase of the fusion probability for the 124 Sn+ 96 Zr reaction was extracted from the analysis of the measured evaporation residues cross sections by the authors of Ref. [1] . In our calculations we use the shape parameters corresponding to the lowest-lying 2 + and 3 − states of projectile and target (see Table 1 ). Fig. 15 ). Fig. 15 shows the dependence of the survival probability as a function of the CN angular momentum and excitation energy for the 82 Se+ 138 Ba reaction. It is clearly seen that the survival probability reaches the maximum values at the low E * CN =21-23 MeV excitation energies where the total ER cross section is very large since the range of the angular momentum is enough wide ℓ=0-35. At the increase of E * CN from 20 to 70 MeV the range of the angular momentum contributing to the total ER cross section is reduced two times: mainly the range ℓ=0-18 contributes to the results. Therefore, the total ER cross section strongly decreases in the range E * CN =30-70 MeV though the fusion cross section is approximately saturated (see dot-dashed line in Fig. 3 ). This result shows importance of taking into account the dependence of the survival probability on the angular momentum and excitation energy of fissioning nucleus. The contribution of the angular momentum range ℓ=19-35 to the total ER yields is very small since fission barrier decreases by the increase of ℓ.
Nevertheless, the total ER cross sections for the 40 Ar+ 180 Hf reaction are larger than the ones of the 82 Se+ 138 Ba reaction at the larger excitation energies E * CN >38 MeV. This is related with the large probability of the CN formation at large values of angular momentum which can be seen in Fig. 7 . Although this figure is for the partial capture cross section, the partial fusion cross section is similar due to the large value of the fusion probability P CN for 40 Ar+ 180 Hf reaction. The presence of the contribution of large values of L = ℓ is confirmed by the experimental data of this reaction. The larger values of the total ER cross sections measured in the experiment [21] indicate the large contribution of the alpha particle emission by CN during its de-excitation in the E * CN >38 MeV range. The difference between the xn ER cross sections of these reactions is not so much since neutron emission is not sensitive to the value of angular momentum. ER(3n) [20] ER(4n) [20] ER(5n) [20] ER(3n) [21] ER(4n) [21] ER(5n) [21] Fig. 15 ), the contribution of the large values of L to the ER cross sections is small due to the strong dependence of the fission barrier on the angular momentum [18, 20] . Therefore, the ER cross sections of all these reactions analyzed in this work decrease at high values of E * CN corresponding to the beam energies sufficiently higher than the Coulomb barrier where the fusion cross section increases or reaches saturation (see Figs. 12,16,17,18 ). The partial fusion ER(2n) [1] ER(3n) [1] ER(4n) [1] ER(5n) [1] higher than the ones produced by the 82 Se induced reaction due to the strong increase of the fusion cross section of the former reaction. The total ER yields decrease with the increase of the E * CN energy for its large values is inherent for all reaction since the survival probability W sur decreases due to the increase of the fission probability. At the large beam energies the number of the partial waves contributing to fusion increases causing the decrease of the fission barrier [20] . The presence of the contribution of large values of L is confirmed by the larger values of the total ER cross sections measured in the experiment [21] . The larger values of the total ER cross sections indicate the large contribution of the charged (proton and alpha) particles emission by CN during its de-excitation in the E * CN >38 MeV range.
The difference between the xn ER cross sections of these reactions is not so much since neutron emission is not sensitive to the value of angular momentum. The theoretical analysis of the measured data of the yield of the xn, total and individual ER residues by the combined DNS and advanced statistical models allowed us to reveal the important role of the angular momentum distribution of capture, complete fusion and de-excitation stages of the mass asymmetric and mass symmetric reactions. 
